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By D. E. Andrus? 


INTRODUCTION 


This paper, which describes the milling practice at the Montana mine concentrator 
uf the Eagle-Picher Lead Co., is one of a series being prepared by the United States Bureau 
of Mines. 


LOCATION 


The Montana mine ig situated on the eastern edge of the Oro Blanco mountains at an 
elevation of 4,500 feet. It is in the Oro Blanco mining district, Santa Cruz County, in the 
southern part of Arizona, about 4 miles north of the Mexioan border, 30 miles northwest of 
Nogales and 80 miles southwest of Tucson. Amado, a station on the Southern Pacific Railroad, 
widway between Tucson and Nogales, and about 40 miles northeast of the mine, is the shipping 
point and is reached over an excellent highway. 


HISTORY 


The Montana group of claims was originally located in the 70's and was patented by 
L. Zeckendorf, in 1907, who retained the title until it was sold to the Eagle-Picher Lead Co. 


In 1891, a 10—-stamp mill, utilizing concentration and pan amalgamation methods, was 
built to treat the oxidized gold, silver, and lead ores. The mill was not successful and 
was abandoned in 1893. 


In 1916 the construction of a second mill was started, but was not finished until 
the Goldfield Consolidated Co. acquired and completed it in 1917. This mill used flotation 
methods and operated during the remainder of 1917 and part of 1918. It produced 1,250,000 
pounds of lead, 1,300,000 pcunds of zinc, and 47,635 ounces of silver. During 1918 the 
Goldfield Consolidated Co., rather than meet a large payment due at that time and also owing 
49 the scarcity and inefficiency of local labor, closed the sine and mill and gave up its 
option. 


The property was idle until 1926, when an option was taken by the Eagle-Picher Lead 
Co., operating under the name of the Montana Mines Operations. <A 250-ton capacity mill, 


TITEL ITE II ALR SETS 


1 The Bureau of Mines will welcome reprinting of this article, provided the following footnote acknowledgment is used: 


"Reprinted from U. S. Bureau of Mines Information Circular 6497." 
2 Cencestrator superintendent, Montana Mine Concentrator, and one of the consulting engineers, U. S. Bureau of Mines. 
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using differential flotation methcds was completed early in 1928 and has run intermittently 
since that time. The first operations of this plant lasted from May, 1928, until the water 
frcm tne dams was depleted early in the same summer. After the summer rains made water 
available, the mill was started and operated until the latter part of January, 1929, when 
the mill was again shut down fcr lack of water. During this shut-down some changes were 
made, including the addition of conditioners ahead of the zinc circuit. Operations were 
again resumed after the summer rains in August, and in the mean time, a pipe line was con- 
structed to obtain water from the Santa Cruz River, 15 miles distant, and thus insure an 
adequate water supply. The mill operated until the middle of April, 1950, when it was 
clcsed down owing to the low prices which prevailed in the metal market. 


TRANSPORTATION 


All concentrates are shipped to Amado by Coleman trucks, ana the necessary supplies 
for the plant make up the load for the return trip. The trucks, which make a round trip in 
ackcut 16 hours, are equipped with trailers, the capacity of one unit being 12 tons of lead 
concentrates or 11 tons of zine concentrates. The hauling rate is $4.50 per ton or slight- 
ly more than $0.11 per ton-mile. This service has proved satisfactory. 


WATER SUPPLY 


Water is impounded by four dams, the storage capacity amounting to 40,000,000 
callcons. During years of normal rainfall this amount is sufficient for mill operations, but 
fcr emercercies a pump and a pipe line were installed at Noria, on the Santa Cruz River, as 
previcusly stated. So far the installation has been used only one month as a test, as 
there has been sufficient water without it. The equipment consists of a 120—hp. Worthington 
e-cycle Diesel engine, direct-connected to a Worthington duplex double-—acting outside packed 
pump. The pipe linc is 15 miles long and is constructed of 4-inch, heavy-duty, lap-welded 
Fipe. During the month that the pumping plant was operated, the pump delivered water at the 
tate cf 101.5 gallcns per minute against a static head of 1,490 feet, a friction head of 
5E5 feet, or a total head of 2,075 feet, at a cost of 25.8 cents per thousand gallons. 


The mili pcnd is lecated back of the No. 1 dam and the amount of water stored in 
this pend is contrclied closely by admitting water frcm the other fresh water dams as needed. 
This water flows by gravity from the upper dam, which is the resorvoir into which the water 
from the Santa Cruz pipe line is delivered, but must be pumped to the No. 1 dam from the 
cihLer two dams. Fifty gallons cf fresh water per minute is an ample supply for all purposes. 


POWER 


Power is obtained by Diesel engines, one power plant serving both the mine and the 
mill. The plant contains six Fairbanks-—Morse engines of the full Diesel type, and all engines 
are equipped with the same size heads, pistons, rings, and other interchangeable parts. 
They are operated by one engineer and one helper per shift and are under the direct super- 
vision of the master mechanic. The mill requires 409 hp., which costs $0.0094615 per horse- 


power-hour. The sizes of the various engines and the service performed by each are as 
follows: 
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size of engines and service performed by each 


Engine| Number| Rated | 
number Capacity, hip. | Service Performed 
1 3 | 180 Direct Connected to a generator which furnishes 60-cycle 
| ! e-phase current at 220 volts for the mine hoist, mill 
| pump, conditioners, and Wilfley pumps in the flotation 
| circuit, 

2 3 180 Connected by belt to a 2-stage Ingersoll~Rand compressor of 
888 cubic feet capacity. 

3 ] 60 Connected by belt to a generator which is held in reserve 
for emergencies. 

4 1 Direct-—connected to a generator which furnishes power for 
camp lighting, refrigeration, and the motors which drive 
the pumps for the return of reclaimed tailings water. 

5 2 120 Connected by belt to the line shaft which operates the 

crushing plant. 

6 6 560 Connected by belt to the main line shaft of the mill. 

ORE TREATED 


The ore occurs in a vein which has a strike nearly east and west and a dip of 57° 
to the north. The ore body follows a conglomerate—diorite contact, and although it is 
usually contained in the conglomerate with the diorite forming the footwall it is also found 
within the diorite. 


The primary ore is composed of mixed sulphide minerals and quartz gangue. The 

Sulphide minerals comprise galena, sphalerite, and pyrite with subordinate amounts of 
chalcopyrite and tetrahedrite. The ore also contains some gold which is apparently free and 
not associated with the pyrite. 


2 A microscopic examination of the ore was made by R. E. Head, United States Bureau 
of Mines, Intermountain Experiment Station, Salt Lake City, Utah, and his report to the 
company gives the following information: 


The microscopic examination of the Montana ore consisted in 
the study of briquetted mineral grains obtained by carefully panning 
the sample of ore submitted for the purpose. Several thousand individ— 
ual particles were studied and the results obtained may therefore be 
considered as representing the mineralogical characteristics of the 
entire sample. ; 

The Montana ore contains a very small quantity of oopper, 
Which occurs chiefly in the form of chalcopyrite and is associated al- 
most entirely with the sphalerite. Occasionally, inclusions of chal- 
copyrite will be found in the galena, but this form of association is 
relatively rare in the samples studied. 


The chalcopyrite occurs in the form of minute specks in the 
sphalerite and associated with it, in many instances, is tetrahedrite. 
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The tetrahedrite occurs in yet smaller specks than the chalcopyrite and 
in no instance were specks of the mineral seen that were larger than 
300 mesh. 


Tetrahedrite is the silver carrier in this ore and it is 
scarcely possible to expect liberation except by extremely fine grind— 
ing. Whether or not such a procedure is feasible is largely a question 
of economics and also depends on the relative flotability of the sphal— 
erite and tetrahedrite in a slimed condition. 


Tne ore at times contains considerable amounis of gouge—like colloidal material. 
This material has a marked tendency to float, and to carry zinc slimes with it into the flo- 
tation concentrates of the lead circuit. 


FRESENT METHOD OF CONCENTRATING 


The mill is built on a Steeply sloping hillsiue. It is of galvanizea iron and 
timber construction, with concrete retaining walls and concrete foundations for muaunines. 
Missouri concentrating practice, with the exception of jigs, was followed in the design of 
the fiow sheet, and all machines with the exceptions or ball mill, Wilfley pumps and American 
filters are of the types developed in the Tri-State district. 


Figure 1 gives the flow sheet of the crushing plant; Figure 2 presents the flow 
Sheet of. the concentrator. 


Crushing 


The ore. after passing through grizzlies, with 8-inch spaces, located underground, 
is hoisted in skips and dumped directly into the coarse-—ore bin. From this bin it is fed, 
with water, to an 18-inch Blake-type crusher which delivers material cf 2—inch maximum size. 
The crusher product is reduced to j-inch maximum size by a set of 42-inch primary rolls 
which operate in closed circuit with a 4 by 8 foot trommel. In this circuit an 18-inch belt 
elevator returns the screen oversize to the rolls. A second closed circuit which comprises 
a set of 32 by 24 inch finishing rolls, an 18-inch elevator, and-four 4 by 5 foot Leahy 
screens reduces the ore to S-mm. size. The undersize products of the Leahy screens are de- 
Slimed in an 18-inch belt drag classifier. The overflow pulp is conveyed to a 50—foot Dorr 
thickener and the sands are delivered to the fine-—ore bin. 


The details of wearing parts of machines which operate in the crushing plant are 
given in the tabulation which follows. 


Cost of wearing 


Wearing part Material Life part, per ton of 
ets a —_____ sore treated 
Crusher jaws | = 31,156 tons of ore - 
Crusher cheek plates | - 9,132 tons of ore = 
Primary roll shells Cast iron 24,801 tons of ore $0 .0242 
Finishing roll shells Forged steel 123,232 tons of ore .0462 
Trommel screens _ 9,954 tons of ore .0044 
Leahy screen cloth 0.105 diameter wire 14 days 9051 
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Figure 1.--Flow sheet of the crushing plant 
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Classification and Fine Grinding 


As considerable water is required to transport the crushed ore from the fine ore 
bin to the ball mill, it is necessary to dewater the feed pulp before it enters the ball 
mill, and a Dorr simplex classifier is used for this purpose. The classifier overflow pulp 
is delivered to the same 50-foot Dorr thickener that receives the overflow pulp of the de-— 
Sliming classifier of the crushing plant previously mentioned. The classifier sands are fed 
to an 8-foot by 36-inch Hardinge dall mill. 


The ball mill is operated at a speed of 16 r.p.m. and with a ball load of 16 tons. 
Balis are cast in Tucson and replacements are made by the a.dition of 33-inch sizes added to 
the ball mill through the feed scoop during the day shift. The balls cost $44 per ton de- 
livered at the mill; ball consumption amounts to 3.19 pounds per ton of ore ground under 
Present conditions. The consumption and the cost of ball-—mill liners are not known, as but 
one set of breast liners has been replaced to date. This replacement was made after the 
mill had ground 70,000 tons or ore. 


The Hardinge mill operates in closed circuit with a belt drag classifier the belt 
of which travels at a speed of 56 feet per minute. This classifier has insufficient capacity 
and operates somewhat similar to a drag conveyor when loaded. The normal overflow solids 
contain approximately 30 per cent of minus 200-mesh material and considerable material that 
is plus 48=mesh. 


Flotation 


The thickened pulp from the 50—foot Dorr thickener joins the classifier overflow 
of the ball-mill circuit and both are conditioned in a 6—-foot Denver machine. Sodium car- 
bonate is added tio the ball-mill feed pulp, by means of a dry feeder, in sufficient amount 
to produce a pH value vetween 8.0 and 8.3 wien the pulp reacnes the head of the lead circuit. 
Zinc sulphate, sodium sulphite, and thiocarbanalid reagenis are also added to the ball-mill 
feed pulp launder, and just below the point where these additions are made, sodium cyanide, 
and sodium silicate are added each-in the form of a 10-per cent solution. Ethyl xanthate 
and cresylic acid are added to the launder which conveys the middlings of the lead circuit 
to the feed elevator which in turn feeds the conditioner at the head of the lead circuit. 


Sodium carbonate, added mainly to produce the desired alkalinity, also gives a 
selective action to some degree in the flotation circuit. Zinc sulphate, sodium cyanide, 
and sodium sulphite act as depressors of sphalerite in the lead circuit. The relative 
amounts of each are changed as needed to meet varying conditions in the character of the ore 
treated. The function of the sodium silicate is to disperse the fine gangue material of the 
gouge and thus prevent its tendency to float, and to carry zinc fines mechanically, into the 
lead concentrates. 


After the pulp is conditioned it is treated in two primary Butchart flotation 
machines which operate in parallel, each treating one half the total flotation feed. These 
machines produce finished lead concentrates and tailings products, which are again treated 
in two secondary Butchart flotation machines, with additional xanthate and cresylic acid 
reagents. The secondary machines operate as scavenger cells and produce lead middlings, as 
froth products, which are returned to the conditioner at the head of the lead circuit. The 
tailings are conveyed to two 6~foot conditioner tanks at the head of the zinc circuit by a 
3-inch Wilfley pump. 
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The reagents used in the zinc circuit are added to the sump which feeds the Wilfley 
pump. Lime is added by means of a dry feeder in sufficient quantity to produce a pH value 
of 8.8, the usual amount required being about 1.0 pound per ton of ore. Copper sulphate, 
0.64 pound per ton of ore, is fed by a stream of water directed upon Copper sulphate crystals 
which are held ina copper container. The saturated copper sulphate solution leaves at the 
botiom of the container. Sodium aerofloat, 0.025 pound per ton of ore treated, and suffi- 
Cient cresyiic acid to produce the froth desired, are also added. 


After the pulp is conditioned it is distributed to two primary Butchart flotation 
machines which operate in parallel. These machines produce final zinc concentrates ard 
tailings products. Additional amounts of ethyl xanthate and cresylic acid are added tio the 
tailing pulps, after which they are again treated in two secondary Butchart flotation 
machines operated in parallel. The secondary machines operate as scavenger cells and produce 
zinc middlings, as froth products, which are returned to the conditioning tanks at the head 
cof the zinc circuit by a 3-inch Wilfley pump. The tailings of the secondary machines are 
final waste products and are conveyed to the tailings dam by a +-incn Wilfley pump. 


As a portion of the silver content of the ore is intimaicly associated with the 
sphalerite, the lead circuit is operated to float about 10 per cent of the total Zinc with 
the lead concentrates. The rejection of this zinc and the production of cleaner lead con- 
centrates is accompanied by a marked decrease of the silver and copper contained in the lead 
concentrates and a corresponding increase of these metals in the zinc concentrates. The 
figures which follow illustrate the effect of floating zinc with the lead on the silver and 
copper contents of the lead concentrates. 


Lead, Zinc, Copper, Silver, 
per cent iper cent iper cent jounces per ton 
Lead concentrates! 72.0 4.0 1.0 22 
Lead concentrates 56.9 9.6! 2.3 62 


The primary flotation machines are operated with the gates, which control the pulp 
levels, down and the secondary machines are operated with the gates raised about five 
notches. 


The poor classification obtained in the grinding circuit, as previcusly noted, 
causes the sending of considerable amounts of coarse material to the flotation circuits. 
This condition results in excessive wear on the impellers of the flotation machines and also 
causes choking in the conditioner tank at the head of the lead circuit, which makes necessary 
the draining of its contents to the feed box of the ball mill once every week. Flotation- 
machine impellers are renewed on the primary and secondary cells after handling 10,000 and 
7,100 tons of ore, respectively. The cost of impeller renewals amounts to $0.005 and $0.007 
per ton of ore treated in primary and secondary cells, respectively. 


Runners, die rings, and follower plates of the Wilfley pump, which conveys lead 
circuit tailings, have a life of 3,770 tons of ore handled, whereas the case averages 13,748 
tons before renewal. The cost of renewal parts for this pump amounts to $0.0107 per ton of 
ore milled. The cost of renewal parts for the Wilfley pump which returns the zinc middlings 
froth to the head of the zinc circuit amounts tl $0.0035 per ton of ore milled. 
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The coarse material contained in the flotation feed pulp does not, fortunately, 
prevent satisfactory recoveries being made in the flotation circuits. This condition is 
probably due to classification and selective grinding of the sulphide minerals. 


DISPOSAL OF TAILINGS 


The tailings from the zinc scavenger cells are conveyed to a sump and from there 
pumped to either of two tailings dams located 800 feet distant and directly below No. 1 
fresh-water dam. The pipe line used for this purpose is served by a 4—-inch Wilfley pump and 
is made of 4-inch, flange-—connected, heavy-duty pipe. The flange connections permit the 
joints to be readily disconnected in case of choking or installing new lengths of pipe. The 
sides of the dam are maintained by two men during the day shift. The launder discharge 
points are changed as required on the two other shifts by the pump men, in addition to their 
usual pump duties, which include the return of reolaimed water from the tailings pond. The 
reclaimed water from the tailings pond amounts to 75 per cent of that contained in the tail- 
ings pulps; it is returned to No. 1 fresh-water dam by either of two 33-inch, motor-driven 
American centrifugal pumps. The case of the 4-inch pump which serves the tailings pipe line 
handles 15,219 tons of solids before renewal; the follower plates, runners, and die rings 
average 8,505 tons of solids before replacing. The cost of pump replacements is §$0.00918 
per ton of solids handled. 


Filtering 


The finished concentrates pulps from the lead and zinc flotation circuits are con- 
veyed directly to their respective 6-foot, 4—disk American filters by 33-inch Krogh pumps. 
The pulps enter the filter reservoirs through the bottom, as this method of introducing the 
pulps tends to maintain suspension of the solids and thus increases the efficiency of filter- 
ing. Vacuum is normally maintained around 20 inches of mercury by an 18 by 6 inch Ingersoll 
Rand pump which operates at a speed of 274 r.p.m. Palma twill filter bags are used, which 
cost $0.67 each delivered to the mill and which have an average life of 29 days of service. 


SAMPLINC 


All samples are taken by hand at 30-minute intervals. The concentrates are de- 
livered by the filters to 14—foot concentrates cars which in turn deliver them to concen- 
trates bins. The concentrates samples are taken from these cars by means of pipe samplers. 
Six pipe samples are removed from each carload of concentrates. Half of the total sample is 
placed in an air tight container to be used for the moisture determination and the other half 
is reserved for the usual chemical determinations. Weights of concentrates produced per 
shift are calculated from the number of carloads delivered to the bins and by calibration 
of the bins. 


The weight of mill heads is calculated from the number of skip loads hoisted from 
the mine and from calibrations of the coarse and fine ore bins. All concentrator sampies 
are composited for each shift, and the shift samples are assayed for gold, silver, lead, 
zinc, and copper. 

The mill assays and weights of concentrates have closely checked those obiained oy 


the smelters. As a rule, the mill weights are a fraction of 1 per cent less than the smelter 
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CONCENTRATOR DATA 


Table 1 presents metallurgical data for various periods during 1929 and 1950. The 
marked improvement shown in March, 1930, as compared to October, 1929, is due to changes in 


flotation reagents and to longer experience of the operators with the flotation machines 
used. 


Table 2 gives screen-assay analyses of final concentrates products and Table 3 
presents a screen-—assay analysis of the final tailings. 


Table 4 gives estimated power requirements for the various machines operated in 
tne plant. 


Table 5 gives a summary of milling costs for the period October 1, 1929, to 
April 1, 1930. Table 6 shows unit costs for March, 1950, and Table 7 gives the distribution 
of power used for the period October 1, 1929 to April l, 1930. 
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Tagle 1.— Metallurgical data for various periods during 1929 and_1930 


October 1, 1929 


October, 1929|March, 1930 to 

eh ee ee tera . 7 eel. |_| APril_1, 1930_ 
Total ore milled, tonS ........0 cece cee eee tees 7,049 6,149 41,246 
Operating time, per cent oo... eee eee 89.50 94.00 91.12 
Ore treated per 24 hours of spbrating time, tons 204 252 258 
Analysis of heads: 

Gold, ounces per ton ......... cette crete eens 0.060 0.077 0.071 

Silver, ounces per ton oo... eee ee teen e ees 8.57 8.02 8.17 

Lead, per cent .......... Ses dees tet na tert te tah ang oe eats 5.94 5.89 5.13 

Zinc, per cent ........ Daunte ae 7.69 6.47 5.98 

CODPOr; DOr CMU sce cisctes Muhaiiaenueta raid 452 .335 . 590 
Total lead concentrates produced, dry tons .......... 647.20 O97 .72 3,435.06 
Lead concentrates produced per 24 hours oper-— 

AVING VIMG. Ary CONS. 26 ai sceinehetcse us eect tad: 295.32 24.46 21.47 
Moisture coutent of lead concentrates, per cent.. 7.90 8.00 T.67 
Ratio of concentration in lead circuit, tons 

PD CO 1, erreurs aewnsgacscer ates Rate Se dgpatbemetng ahah Basted 10.89 10.89 12.01 
Indicated recoveries in lead concentrates, 

per cent: | 

GOL Os iii Pes hash i Aalact cee annette aa ala dec aecteeate nt 65.80 82.19 78.31 
SL EVOL -vaiegte acca een eden aes Sues 67.70 78.61 75.49 
TSO ete arse hee ae eters aa ede ee es ee 88.40 95.79 92.59 
DANO Meet ah al Petter teense dase eRe eee ce 13.05 15.97 14.02 
CODD OTe secic cca Gciswranetnunghd eee cantn aerate snes 56.40 66.13 65.33 
Analyses of lead concentrates: 
Gold, ounces per tom ..........00.00.. 0... ere ier: 438 .654 674 
Silver, ounces per.ton ...........0... An aaa cmt Adige eta 65.28 64.88 74.02 
Lead; D6l COD ound oon oust Mame 57.29 58.11 57.05 
ZING; POY CONnts ance Me noomaaie ieee eas 10.93 10.64 10.06 
Copper: DET ‘CONnb. s:iccvientintelccnedamotaamaiotins 2.781 2.28 35.094 
Total zinc concentrates produced, dry tons ......... T47.42 945.95 3,215.15 
Zinc concentrates produced per 24 hours of oper- | 

BtNe: TiO, Gry CONS sere craiscee civ alana 26.93 22.54 20.09 
Moisture content of zinc concentrates, per cent... {| .. 10.50 _ 9.00 | 9.58 
Rat:o of concentration in zino circuit based on | 

original heads. tons into Lou... ee 9.43 11.28 | 12.83 
Indicated recoveries in zinc concentrates, per ~ _ —- 

cent: 

GOL fst iss ikl Oinsatenci aececanea tapas neice tinged ae 14.25 8.10 7.89 
Sh VCP chou a teweaaih- cae Ya ee ee ee 18.10 10.91 11.92 
| |: 12 Ce ee Ree ante te aon Teeter ese re ener eT 6.80 2.68 4.25 
DAAC Settee Shotts Nee oace sc tan ae ee eee 69.50 70.58 68.29 
COppe? 20a hice as ee eae 23.70 13.40 14.41 
Analysis of Zinc concentrates: 
Gold, ounces per ton 00... cceceeeeeeeeeteeten .082 .070 .07 
Silver, ounces per tONn 2.0... terete neces 14.64 9.86 12.40 
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Tagle 1.— Metallurgical data _for various periods during 1929 and 1930 — Continued 


| October 1, 1929 
October, 1929 |March, 1930 to 
eee eee |_-.. |---| April 1. 1930_ 
Analysis of zinc concentrates — (Cont'd): 
Lead 5" pOr Cent. kee oa eee ne ater ded -adgenceoueeet 3.79 1.78 2.79 
GIDE DOTA CODUe o., cxicicin tes ee Staten dd Ohaatle del reeds 50.46 51.45 02.356 
Copper, DOT Cent. ciinsichrhinioenchkcsdeandimninwank 1.013 . 506 720 
Indicated tailings losses, per cent: 
Co} Ls [aerenee eR Tne ern ESSN ER EPO Y Tre wm ert ner nner oh RR Orr oC IE 20.00 9.68 13.78 
STV ist aataece ican canueatiemen tunedin abetsena weataooeanasiies 14.10 10.46 12.58 
CAG fatuate Shien tnsinrs ta aacaee thane eee nea they ectatess 4.15 1.55 3.16 
CAINC ss hilectstee hey pete ees ion winch ncaa laor sas cieaiaceuae as 17.60 13.45 17.68 
CORD OL. sicces eae tire tetrad eet ieee mene aden Miner aches: 19.95 20.48 20.24 
Analysis of tailings: 
Gold, OUNCES per FON oo... cc cceccee ees eeeeeeeeneeny .014 .009 .Oll 
Silver, OUNCES POT tOM oeecccceccccccccccccescscsteeseseeeeen | 1.49 1.03 1.22 
Leads. er -CON ti ttdee ensaiat Beets eae .00 .11 ~i9 
ZINC WOOL “CON U. scacistegoeriscaheotersane alae ervieneoueean 1.87 1.07 1.26 
COPPETs “POR COME iiss vienna te adeedrettentas eae es ol -100 | 084 | .095 
Alkalinity in lead flotation circuit, pH value... | = | 8.2 | 8.0 
Alkalinity in zinc flotation circuit, pH value.... | = | 8.8 | 8.8 
Consumption of balls per ton of ore, pounds ......... 2.70 2.17 3.19 
Solids in classifier overflow pulp, per cent ..... 28.2 31.0 29.35 
Reagents used per ton of ore treated, pounds: 
LAL MOS -ixphediccatectotsesarianean states ne ere eee em re 1.200 1.200 995 
SOGLUM GArTbOnAe: ss nde iin eG ean 385 1.28 735 
Ethyl. MAN CHAS: was cs sav cacsiacdacs scans diesdotnieevetaiarabieiaiaienses .050 .050 O57 
THUOCAPDANGLIG naires tcteokeicas taken Usa moti vais None .095 028 
ROTO 1 VO Ot ristecticd. acy tacnencoitin aecac Orde acntanies andes osellnewenarGetads .035 .026 O31 
Cresylic acid ..........., ee TR AE ee 217 . 190 .150 
Pin: Ol koatedisi is ae eo ng nese .050 .028 .042 
SOG 1 UM CY AN1 6. 6.2 slices wei eae na ameradneeiad .544 .216 219 
ZinG SULPHAtO ooo cece cssesessesecssssesssecsssessssesevessaneevane 1.000 | .850 .640 
SOGIMM" SULDH ACS: oc. scott ncsarinct eh aeotendnateaaaenines None .095 .028 
COpder SU] ON a Ve scans tiienastconaatenamm aan: -65. .65 .641 
sodium silicate ......... ae. ee ee eer 48 .48 208 
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Table 2.— Screen—assay analyses of final concentrates products 


_— ee orn 


wees ee eee oe meee eee ee eee ewe err er re 


net Oe 


Weight, ee ee ee 
Screen size, mesh - per cent __—|OQunces_ per ton|.__—_—Cr'—Ss CSC Pr con ie baie 


= « a __._— |Individual |Cumulative |_Gold |Silver Lead | Zinc |Copper |Insoluble 
Lead concentrates: 


PIU OO! ws iscsctdessearetesaneeasss 1.50 1.50 0.90 51.0 | 4.5 | 4.9 | 0.60 40.8 
Minus 40 plus 60 ........ 1.50 3,00 .90 42.0 |40.1 |10.2 | 2.67 15.6 
Minus 60 plus 100 ...... 4.00 7.00 (BS: |} JIS.6° 162.1. 440.7°) Gist 9.7 
Minus 100 plus 150 .... 10.00 17.00 .80 99.5 {48.5 {10.6 | 2.19 6.3 
Minus 150 plus 200 .... 12.00 29.00 .75 | 76.0 |54.7 |10.5 | 3.11 2.6 
Minus 200: cick 71.00 - 63 52:6 (60.2. | 9.3? | 2:16 1.4 
COMPOSI EG « ssicdeds cli Keskspaeds 100.00 - .679| 62.05\|56.90| 9.57| 2.34 3.17 
Zinc concentrates: 

Pi08 40 | h bimisainuaus 0.30 0.30 .O2 5.20| 4.20/10.50 52 - 
Minus 40 plus 60 ........ 1.40 Lit? .16 25.52) 1.60/49.50| 2.10 _ 
Minus 60 plus 100 ....... 7.20 8.90 15 20.50| 1.40|55.98| 1.80 - 
\.inus 100 plus 150 .... 17.10 26.00 eke 10.60| 1.05|54.62 .70 _ 
Minus 150 plus 200 .... 14.00 40.00 .O7 9.20| 0.80/53.40 .80 - 
Minus 200 5.5 Sisisvavtserrs 60.00 - .08 8.60| 2.45 |52.50 .42 - 
COMDOBIEG: cc. fsseicnuiceion 100.00 - .089; 10.08) 1.89|52.77 .64 - 


Tagle 3.— Screen-assay analyses of final tailings 


Weight, | Analyses per cent} Per cent of total metals 


_.. —-—pereen size, mesh__.._____| per cent; Lead j|__ Zine 6 MOS Wh, Bane. 
BE Eo rascns einasschechig Weds cote aterss cede mere thats 2.60 1.35 Lit 35.05 2.50 
Minus: 40 plus Go cs icheviacisicsvaenigiacin 16.70 0.10 0.80 16.61 11.50 
MiGs 60) PLUS 200 | 5, césrs. cence Gativeossctnt. 20.60 .O1 0.11 2.68 1.87 
Minus .LO0 plus...60 vsisssicannancissa: 15.50 .O1 0.04 1.54 0.51 
Minue. 150 Pius: SOO: .ccuiecaiususiecn 8.60 .O1 0.21 0.86 1.49 
MA 8 BOD oie se airiateanxitecsio suc saa 36.00 .02 eure 43.30 82.58 
COMDOBERE  iii55 2, ibrtiarnddsucioncuerene 100.00 .099 LizoT 100.04 100.45 
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Table 4.- Estimated power requirements of the various machines 
with friction losses included 


No. eae ee _.._ Machine _ |Estimated horsepower 
Crushing plant: 
1 Carterville crusher, L8-inch oo... ceccccccc cece cesses eeceneaeene peeeees 20 
1 Pritary sPOl1S 4, A2=1 NON ease cucrasengites myauhese ans dsmanqad ctu eae pio nieada ctanbveluaulcoa eaters 15 
1 Coarse Oleévator, Le=—1ncn, snide shee Ae Se a 8 
1 CIOMMEL;. Ac Wy Ss-100 Ui aio ie ee lca ie Mid ela el cer aeeaane hat 4 
4 Leahy screens; 4 by 0 fO0Ot udureewec ek Hiuareiteey ented whe an ade eaees 4 
1 Pine 61OVatod., LSSINCi ca sr Aiea ocinee coin fernianea Dias oatinde vs cela 8 
1 Hercules rolls, 32 by 24 inch .....00 (cece ceecscee senses ea seen ens 15 | 
1 Belt deslimer ............ Wiad cacea be tS et ace tg acetate ge onthe ipeclnancns T 
1 American senunt fiat PUMP, -OHINCN 4s er ee oe ene eee 
Total for crushing plant 2.0.0... cece cces cece eee eeen ee eea eee eeee nes 87 
Fine grinding: 
1 | Hardinge ball mill, 8-foot by 36mineh occ ccc eects 135 
1 Dorr Simplex dewatering classifier ....0 0... shes aad tenets ast 3 
1 BeLt.Grag. classifier, TSSINGH: sche en tetee ts aed neat sentgans Seepesecscttnes pesca eae! 
Total for fine-grinding circuit ............. adspormetonaies ya baraed a nee 1435 
Flotation: 
1 Feed elevator, l2-inch buckets 2.0.0... cee cece cece een te eee eene tenes 5 
1 | Lead circuit conditioner, GLO 2... cccscec eter enteesecteeesusenusenecenees 3 
8 Butchart: £LOtation MaACHINGS « c.sccicheenecncsng etacesed earieeageeieaee ee ates oan 64 
1 Wilfley sand pump for lead circuit page, S—inch. ....5.. es. ~ 10 
a Zinc Circuit conditioners, GLO occ ceetec sees seeseeeeneeneeeaeee es 6 
1 Wilfley sand pump for return of zinc middlings, 3-inch ........... ae 8 
1 Krogh pump for lead concentrates, 33-inch ....... Gi csieceptatnenanas toads eats 5 
1 Krogh pump for zinc concentrates, S-inch 0.0... eee 6 
1 Dorr thickener, SO-f00t. cco oe ees ee A ee Ss 's) 
1 Butchart diaphram pump, 4-inGh 2... tener re ene rea stag eh ace 
TOtal, fOr PALO CA CL ON. ish eshatalawes Sec ohactes bese chs trisshadewsaoneentes 114 
Filters: 
2 American filters, 6-foot 4—-disk, including vacuum and filtrate 
|), 06 1) © = ERO eed eres nace ed RR eM eee ea ees ona ere Te eee eT er rE ee ra eps BO 29 
Water supply: | 
1 Gould centrifugal pump,) GrLNCH ib iciiccciiieechs aes ciaiiny citing eden ventedea tons 18 | 
1 American centrifugal pump for return of water from tailings dam] _ 10 | 
TOVAL TOr water SUPPLY sackikie cen eae ee eee 28 
Disposal of tailings: | 
l Wilttey Sand Pumy,. UNC Hh nccicavten sed eevee hacen eee es wok Uns, Ceo: es 12 
GOI: COT oats ecakgra id sat slaess at Sa paleias tn wh emp ats taseareiad Beek ace Lecinse pata nounth beam sash canal a elanteeabtanetedes: 7 he 409 
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Tagle 5.— Summary of concentrator costs for period October 1, 1929 to April 1, 1930 
Ore milled, tons 0.0.00. 41,246 
Lead concentrates produced, tons ... 35,4355 
Zinc concentrates produced, tons .... 3,215 
Supplies, Per cent 
Labor jpower? | renewals, | Total of 
eee he ee eee eee - __....|-.---. |and repairs _.___... |total cost 
Crushing and screening .........0 $0.1495 |$0.0765,; $0.0954 ($0.3212 14.59 
Grinding and classifying ........0...000000 0253 . 1258 .1029 2020 11.45 
PIOURULON sccx cortices eran eel spade dan uae .1547| .1003 » 56351 .5981 27.16 
Filters: 32cm. ores: | -0204| .0219 . 0080 .0503 2.28 
Disposal of tailings .....0....00 ee .0408 .0105 .0110 0623 2.82 
Water supply, new and return water ......... . | —— .0241 .0608 | pe 5.42 
SEINE eee eee eee 
TOUAL GINO Ot: COME ered casa tectidtetanhissuineinenavtentete 90.4191 |$0.3501 | $0.5812 ($1.3594| 


en iw ee ewe = ows maw « 
‘ 


Miscellaneous? ................ Bice eatee ci nerianets | .1675| - |  .6752 


won. -em 


Total cost ....... dh, edeehe eps taraiop eases osgaae Ott atesosteastiu ada Raenn 


on nee 


peels eee 
$0.5866 |$0.3591| $1.2563 


| .8426| 38.27 


|$2.2020| 100.00 


1 Includes assaying, operation of pumping plant and pipe line from river when used, shop, 


and mill share of the general overhead expense. 
2 Power costs $0.0094615 per horsepower—hour. 
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Table 6.~ Summary of unit concentrator costs for March, 1930 


Ore milled, tons ........ 6,149 

Cost per ton| Per cent 

Total cost of of 

wee eee ee eee SH |---| OFS Billed _|total cost 

Labor) cece $2,931.62 $0.4765 33.59 
POWOE cccttensts otuaatea nw seaee. 2,448.55 . 0982 28.24 
Balls i ecessate Melia! 293.70 0477 3.38 
Reagents 2.0.00... ee 1,960.52 . 3188 22.61 
Wearing parts estimated’ . 1,094.52 .1781 12.18 
DOUG MS teeta eee ees $8,728.91 $1.4193 100.00 

1 Average number of men per shift 0.00 ee. T.22 

Tons of ore milled per man-shift 0.0.0.0... 9.89 


Tons of lead concentrates produced per man-shift .. 0.8239 
Tons of zinc concentrates produced per man—shift .. 0.7712 


< Estimate of cost of wearing parts per ton of ore milled 


follows: 
CTUSNOE oe cc depaas dts ey ayaiedaneieaiencomcsorssmmeuotslencales $0 .0050 
Primary COLIS? scccissscees cn fo a acieles sf acini 0242 
PINASHIENE FO) So siete tetiesid cratic evap ays .0462 
TD POU Me es So ras eet Caters ac catactege ees aera sacacua te ee eee 0044 
DOC POCIS: ihc teur natin nasa teoion td eeaeedeemwabials . 0050 
> 0 = 8 i ae en ee .0200 
Wilfley pumps ............ ea renee eer 0233 
EMD O LL OTS setaacties Staten dette eet ad ian oats 0120 
Pilter DAS: - sic acntt tence on da ales .0080 


Other iron (including cast launders, 


scoop lips, elevator buckets, etc.) _ 9300 
TOUGL  centohemcedecemieioue 4,  — aesbarercinie deoe teat $0.1781 


Table 7.— Distribution of power for period 
October 1, 1929 to April 1, 1930 


| Horsepower—hours |Per cent of 
per dry ton milled|total power 


Crushing and screening ............... 8.11 21.55 
Ball mill and classifiers ....... 13.55 54.94 
POUR CLON «eet erence eens den: 10.63 27.96 
PALUGPine: fccdiascvadssesiwaliotesaee ac: 2.352 6.10 
Water Supply ioc seers 2.55 6.71 
Tailing disposal |... L.i2 2.96 
TOUS acca sd arcs i eoertant tahoe 38.08 100.00 
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Figure 2.--Flow sheet of the concentrator 
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